Abstract. The present study was performed to assess the population structure and growth of pike in Mogan Lake using length-weight relationships, von Bertalanffy equations and artificial neural networks between February 2013 and March 2014. The age of Esox lucius caught in Mogan Lake ranged between I to VII years. The fork length of the fish ranged from 27.5 cm to 70.0 cm, and the body weight of the fish ranged from 200 g to 2820 g. The von Bertalanffy growth lengths were 130.30 for females, 122.70 for males and 126.50 for all individuals. The von Bertalanffy growth weights were 18889 for females, 14881 for males and 16688 for all pike. The results obtained using the artificial neural networks and regression technique were compared to those obtained using the growth rate of the fish caught from the natural environment and von Bertalanffy growth model. Artificial neural networks are an alternative to von Bertalanffy growth models.
Introduction
Pike (Esox lucius L., 1758) is a widely distributed species of fish in Turkey and one of the most valuable fish in inland waters (Çubuk et al., 2005) . It is an essential element of the ecosystem as a piscivore and can tolerate a wide range of environmental conditions (Casselman and Lewis, 1996) . This species is of high economic importance in the fisheries of Mogan Lake. Despite its importance, few studies have been conducted on the pike population in Mogan Lake.
There is a large body of literature regarding the growth properties of pike in various water reservoirs. Tanyolaç and Karabatak (1974) examined its growth properties in Mogan Lake, Aksun (1987) in Karamık Lake, Akşehir in Lake, Treer et al. (1998) in Croatian Reservoir, Altındağ et al. (1999) in Kesikköprü Dam Lake, Lorenzoni et al. (2002) in Trasimeno Lake, Küçük and Güçlü (2004) in Çapalı Lake, Çubuk et al. (2005) in Karamık Lake, Gaygusuz et al. (2006) Much research has been performed regarding the prediction of future data using artificial neural networks (ANNs) because they exhibit better results than traditional methods found in the literature (Hill et Benzer, 2014) . These studies showed that neural network models are significantly better than traditional statistical and human judgment methods when forecasting monthly and quarterly data (Desilets et al., 1992) . The present study investigated the growth of Esox lucius and provides information regarding the population structure (age, growth and sex ratio) of pike in Mogan Lake between February 2013 and March 2014.
Materials and methods

Study site
Mogan Lake is located approximately 20 km south of Ankara, the capital of Turkey, and lies within the coordinates 39º44'40'' N and 39º47'45'' N latitudes and 32º46'30'' E and 32º49'30'' E longitudes ( Figure 1) . It is near Gölbaşı town, which has become economically and socially developed and has had an increasing population and settlement in recent years. A large number of commercial establishments, such as restaurants, social clubs, and tea gardens, as well as summer resorts, have been built around the lake, which has become a popular site for sports, fishing, sailing, and rowing (Anonymous, 1989). 
Sampling / Data Collection
Fish samples (Esox lucius L., 1758) were collected from Mogan Lake. During the study, 431 fish specimens were caught between February 2013 and March 2014. The fish obtained from the lake were immediately transported to the laboratory. The length and weight (min-max) of the fish were 275 -700 mm and 200 -2820 g, respectively. Scales were sampled from each specimen to identify their age according to the method of Lagler (1966).
for length (Eq.1)
where L t = the fork length (cm) at age t, L ∞ = the asymptotic length (theoretical maximum length), k = the Brody growth coefficient (proportional to the rate at which L ∞ is reached), t = the age (years), t 0 = the age at zero length, e is the base of natural log (2.71828), W t is the weight of the fish in g at age t, W ∞ is the asymptotic weight of (theoretical maximum weight) the fish in g and b is the constant in the length-weight relationship. The von Bertalanffy growth parameters were estimated for males and females independently, as well as for both sexes combined.
Artificial Neural Networks
The ANN provides a better model because it produces better predictions for lower values, and the normality of the residuals and their independence from the predicted variables are also improved. Several authors reported greater performances of ANNs compared to linear regressions (Sun et al., 2009) . ANNs have another advantage in that the ANN modelling approach is fast and flexible (Brosse et al., 1999) . In this study, the ANN is a new and alternative approach for predicting the growth and weight of pike compared to traditional methods.
ANNs are computational systems that simulate biological neural networks and can be defined as a specific type of parallel processing system based on distributional or connectionist methods (Hopgood, 2000) . They appear to be more functional for predicting the future. ANNs can reveal the power relationships between unknown and unidentified data. By contrast, ANNs are simulations of biological nervous systems using mathematical models. They are networks with simple processor units, interconnections, adaptive weights and scalar measurement functions (e.g. summation and activation functions) (Rumelhart et al., 1986) .
During the training of the network, the input data and input-output relationship between the learning of the network is provided. This method, generally called supervised learning, is a preferred method (Haykin, 1999) . The supervised learning method trained with the network structure (back-propagation networks) was used to solve problems in this study.
The sum squared error (SSE) and mean absolute percentage error (MAPE) were used in the study as the two performance criteria (Matlab, 2006) . SSE was used as a criterion to determine training during the training of the network. In addition, comparisons were made involving more than one method because the MAPE of each provides information about the average relative size of their errors. SSE and MAPE are described by equations Eq.3 and Eq.4, respectively.
where Y i is the actual observation value, e i is the difference between the actual value and the prediction value, and n is the number of total observations.
Data and identification models
The Neural Network Toolbox of MATLAB was used for the ANN calculations. This study was performed using 431 Esox lucius (157 females, 235 males and 39 immature individuals) caught between February 2013 and March 2014 in Mogan Lake. The data were divided into three equal parts, training, validation, and test sets. The MATLAB functions were used for "training", "testing", and "validation". They were used randomly, with 70% for training, 15% for testing, and 15% for the validation of fish.
Results
There were 36.43 % females, 54.52 % males and 9.05 % immature fish. The differences among different age groups were not statistically significant (p > 0.05). The age ranged between I to VII years.
The male:female ratio was 1.49:1 for the general population. The prevailing climatic conditions during the study were predicted to affect the sexual maturity, breeding, breeding time, egg development, and egg hatching (Hellawell, 1971) .
Most of the samples studied in this study belonged to the III-year age group ( Table  1) . The females were longer and heavier than the males in the III, IV and VI-year age groups. The length of a pike with known weight and the weight of a pike with known length were calculated with the logarithmic length-weight relationship using the regression coefficient of length and weight (W = a L b ) ( Table 2 and Figure 2 ). Growth equations for the length of a pike at any age were calculated with the Von Bertalanffy growth equation using the age-length relationship growth data according to sex and length ( Table 3 ). The proportional growth in both sexes and the age-length relationship curves are shown in Figure 3 A multilayer feed-forward neural network was used for the ANN. A schematic representation of a typical ANN is shown in Figure 5 and consists of 4 interconnected layers of 'nodes' or 'neurons', including an input layer containing 1 node per independent variable (i.e. ages, length, weight and sex of pike), a hidden layer, and http://www. finally, an 'output layer' with 1 node (i.e. the weight or length of the fish samples). Figure 6 shows a graphical presentation of the fit between the actual and predicted values. The condition factor (CF) of Esox lucius varied from 0.6014 to 1.1250 in males, from 0.6152 to 1.0798 in females and from 0.06014 to 1.1250 in all pike. The CF in both sexes was 0.8359 ( Table 1) .
Discussion
There were 36.43 % females, 54.52 % males and 9.05 % immature fish. The ages of the pike caught from Mogan Lake ranged between I to VII years. According to Nikolskii (1980) , the age distribution is affected by various ecological factors and the prime factor is the availability of food. Factors such as the mortality rate and hunting pressure also play an important role. The age distribution in Mogan Lake is similar to that found by Tanyolaç and Karabatak (1974) in Mogan Lake.
The male:female ratio was 1.49:1 for the general population. This ratio was 1. 2008) found that most of the samples were in the II-year age group, Çubuk et al. (2005) found that most of the samples were in the I-year age group in their study site. Uysal et al. (2008) found that females were longer than males in the I, II and III year ages groups, whereas females were heavier than males in the I, II, III and V-year age groups. Erdem et al. (2007) found that females were longer than males in the I, II, IV and V-year age groups, whereas males were longer than females in the III-year age group. It was found that females were heavier than males in the I, II, III and IV-year age groups (Erdem et al., 2007) . Çubuk et al. (2005) and Küçük and Güçlü (2004) found that females were longer than males in all age groups.
The length-weight relationships for the Esox lucius living in Mogan Lake were W= 0.00009657 × L 2.5926 for females, W = 0.00007 × L 2.6389 for males and W = 0.00010328 × L 2.5773 for females+males. The b value for the female-male group was 2.5773. The b values determined by different researchers were generally larger than the values determined in this study ( Table 1) The slope (b) value of the length-weight relationship in both sexes was 2.58. The b value is often 3.0 and generally between 2.5 and 3.5. As the fish grows, the changes in weight are relatively greater than the changes in length due to approximately cubic relationships between fish length and weight. The b values in fish are species specific and vary with sex, age, seasons, physiological conditions, growth increment and nutritional status of the fish (Ricker, 1975; Baganel and Tesch, 1978) .
Variations in fish growth in terms of length and weight can be explained as an adaptive response to different ecological conditions (Nikolsky, 1963 ] for all pike. The "K" value, known as the Brody coefficient, was 0.0772 in females and 0.043 in males. Munro and Pauly (1983) The condition factor (CF) of Esox lucius varied from 0.6014 to 1.1250 in males, from 0.6152 to 1.0798 in females and from 0.06014 to 1.1250 in all pike. The CF in both sexes was 0.8359 ( Table 1) . The results are consistent with several earlier reports Küçük and Güçlü, 2004 ), although they differed from studies performed by Altındağ et al., 1999 and Erdem et al., 2007 . The condition factor provides important information about the effect of feeding habits and the population density of the fish on their growth and gonad development (Weatherley, 1972) .
Gutierrez Table 4 .
Traditional methods of statistical analysis (i.e. linear regression models, both single and multiple) may be inadequate for quantification (Maravelias et al., 2003) . ANNs offer a promising alternative to traditional statistical approaches for predictive modelling when non-linear patterns exist (Joy and Death, 2004) . Recently, ANNs have been used in biology and various disciplines of aqua-cultic ecology more than in physical or chemical sciences. Most of these studies demonstrated that ANNs perform better than classical linear regression and generalized additive models (Brosse et al., 1999) . (Narinc et al., 2010 ).
In conclusion, the current study demonstrates that ANNs can be an alternative to von Bertalanffy growth models. In addition, it is recommended that the necessary steps should be taken as soon as possible to protect the Esox lucius population in the lake after investigating its stock situation and breeding and feeding behaviours.
